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Introduction and aim
The aim of this systematic review of literature was to summarize the results of scientific publications on clinical effectiveness of the cochlear implant (Ci) procedure in adults. The members of the Working group first examined existing evidence from the national and international literature and main international guidelines. They considered as universally accepted the usefulness/effectiveness of unilateral cochlear implantation in severely-profoundly adult patients 1 . They thus focused their attention on the systematic reviews addressing clinical effectiveness and cost/efficacy of cochlear implant procedures, with particular regard to the most controversial issues for which international consensus is still lacking. Considering clinical effectiveness of Ci in adult patients, the following aspects were evaluated: 1. monolateral Ci in advanced-age adult patients; 2. bilateral (simultaneous/sequential) Ci versus unilateral Ci and versus bimodal stimulation; 3. benefits from a monolateral Ci procedure in adult patients with prelingual deafness.
Methods
A systematic literature search was undertaken using an explicit and reproducible methodology aimed at minimizing any possible distortions, biases, or erroneous conclusions caused by the exclusion of important studies, according to the recommendations made by the Systematic Reviews CRD's guidance for undertaking reviews in health care 2 .
Search strategy
An extensive review of literature was performed using the following databases: PubMed Medline and Cochrane Systematic review database. Furthermore, the major internet sites and guidelines publications of national and international scientific societies dealing with the issue were consulted. Bibliographical research was completed by assessing the bibliographical entries of pertinent, previously selected publications.
Research issues
Bibliographical research performed on databanks using the MeSH descriptor or a combination of keywords was limited to articles published in english. The search in PubMed Medline was conducted on publications after the year 2000. owing to the rapid progress of technology and the rapidly expanding indications to Ci procedure, papers published before the year 2000 were excluded. Outcomes assessed Studies reporting one or more of the following outcomes were evaluated: audiological results and language and communication results.
Exclusion criteria
Articles which did not present the above-listed characteristics were not considered. Articles presented at congresses but not submitted to peer-review, as well as case reports, letters, commentaries and non-english studies published before the year 2000, were excluded. The inclusion criteria were applied by one reviewer and checked by a second. Any dissenting opinions were resolved through discussion.
Strategy to assess the quality of studies
The publications identified according to the search criteria described above were examined by two reviewers independently. Any dissenting opinions were resolved through discussion. A preliminary selection was made on the basis of the titles and abstracts. The works were then studied in full-text, and assessed in terms of methodological quality and usefulness of the reported results for the type of work to be conducted. methodological quality was assessed using the available tools, according to the criteria specified in Systematic Reviews CRD's guidance for undertaking reviews in health care 2 .
Strategy of data extraction
The data were extracted by a reviewer and checked by a second. Any dissenting opinions were resolved through discussion. Tables summarizing the main information on each study were produced, including authors' name, title, year of publication and title of journal, sample population and other data concerning methods, devices and results (Tables i-iii) .
Results
A total of 981 studies concerning clinical effectiveness of the Ci procedure in adult patients were identified, using the research criteria listed in the "aims". a preliminary evaluation was performed on the basis of the titles and abstracts, and 87 were selected and examined in full text. A total of 24 studies on the Ci adult patient were chosen for the review. The principal documents containing the guidelines for the procedure of national and international Ci were searched and examined.
A summary of the assessment of the literature studies is given in Figure 1 . Bearing in mind the purpose of this review, the following articles were selected which concerned clinical effectiveness of the Ci procedure in adult patients: 8 articles on "monolateral Ci in advanced-age adult patients"; 13 articles on "Bilateral (sequential-simultaneous) Ci in adult patients"; 3 articles on "Benefit derived from the monolateral Ci procedure in adult patients with prelingual deafness". Tables i, ii and iii summarize the selected articles, subdivided according to subject with detailed information on the authors, title journal and year of publication, as well as sample features, most relevant data on the methods adopted, reported results and conclusions of the Authors.
With regard to the analysis of the results, it was not possible to perform a meta-analysis. Study design, type of comparison and results of the articles selected for inclusion in the review were different, and therefore it was difficult to define the features on which to base variations in outcome. The studies included in this review presented variability in terms of interventions and outcomes (clinical differences), as well as in study design and error risk (methodological differences). The two most recent systematic reviews on Ci procedure in adult patients 3 4 showed the same difficulties with regard to the possibility of performing a meta-analysis, and are thus limited to a description of the work.
Monolateral CI in advanced age adult patients in the past, the Ci procedure was not considered for advanced age adult patients, as the benefit was thought to be significantly inferior to that generally obtained in younger post-lingual adult patients. This was especially due to physiological deterioration of cognitive abilities which may have an impact on the capacities of speech perception with the Ci, and to problems regarding tolerance of the surgical procedure, risk of post-operative complications and difficulties in manipulation of the external components of the device. more recently, however, some authors have demonstrated that not only young adults, but also adult patients in an advanced age benefit from the Ci procedure in terms of improvement of speech perception; some studies have also demonstrated an improvement in quality of life. no relevant problems have been reported from the point of view of tolerance to medical procedures and post-operative complications. in 2004, the uK Cochlear implant Study group (uKCiSg) established that the Ci procedure is cost-effective even in patients implanted after the age of 70 years 5 . a total of 8 articles were selected on "Monolateral Ci in advanced age adult patients" (Table i) . in all selected studies, good post-Ci results were reported in terms of improvement of perceptive abilities [6] [7] [8] [9] [10] [11] [12] [13] . in 6 of 8 studies, no statistically significant differences were recorded between the results obtained in elderly and younger patients (a control group was used in four studies, while another reported on the results of a database for non-elderly implanted patients). Friedland et al. 6 , Chatelin et al. 7 and Poissant et al. 8 reported perceptive results that were slightly inferior in implanted elderly patients (statistically significant). Statistically significant improvements in the quality of life of elderly patients were also documented in the study by No statistically significant differences were observed in the two groups of pts (in terms of age).
Poissant et al. and bi-syllable words (CNC).
No statistically significant differences were observed in outcomes of the two groups.
orabi et al. 9 . As far as subjective perception of state of depression and loneliness are concerned, Poissant et al. 8 reported advantages in the group of adult patients implanted in an advanced age. The studies selected for this review showed an improvement in the quality of life and perceptive abilities following cochlear implant surgery in advanced age patients. however, the various studies used different cut-off for age (in some 65 years, and in others 70, and even patients implanted after 80 years of age were included). These differences in age limits obviously affect outcomes. in the studies taking into account elderly Ci recipients (over 70 years), the benefit of post-cochlear implantation has been found to be inferior in relation to age at the time of implantation [6] [7] [8] . Thus, from the results of the studies included in the review, advanced age is not a contraindication for the Ci procedure.
Bilateral (sequential-simultaneous) CI vs. unilateral CI and vs. bimodal stimulation in adult patients
a total of 13 articles were selected on "Bilateral (sequential-simultaneous) Ci vs. unilateral Ci and vs. bimodal stimulation" (Table ii) . improvements in the ability of localization of the sonorous source using two implants with respect to the monaural condition are reported in 6 studies [14] [15] [16] [17] [18] [19] . Ten studies reported statistically significant improvements in terms of capacity of hearing in a noisy environment, deriving from the use of bilateral Ci, compared to hearing with only one Ci 14 16 19 20-26 . improvements in the capacity of hearing in a silent environment, deriving from the use of bilateral Ci, with respect to listening with only one Ci, are reported in 7 studies 14 16 19 21 22 24 25 . in some studies, the outcomes were statistically significant. The mechanisms underlying the benefit deriving from the use of two implants are, in most of the studies (n ± 5), attributed to the head shadow effect 19 21 23 24 26 , namely the possibility of hearing with the most favourable signal to noise ratio (Snr) ear. The studies by eapen et al. 21 and ricketts et al. 23 also documented the benefits deriving from the effect of binaural sommation and the squelch effect, which are linked to binaural integration. The benefits linked to binaural summation are also reported in the study by Schleich et al. 26 .
The results obtained in patients with bilateral Ci were compared with those obtained in patients with unilateral Ci in only one study 20 . The performance of the same patients with bilateral Ci and with only one implant were compared in the other studies. Concerning the possibility of receiving bilateral Ci with a simultaneous or sequential procedure, 5 of the selected studies were on patients who received the two implants simultaneously, 5 in patients who received two implants by a sequential procedure, and 3 studies to a series of mixed case studies (simultaneous + sequential). none of Localization of sonorous source.
Adults: sequential bilateral CI.
In 18/20 patients localization of sonorous source improves in statistically significant manner with bilateral CI compared to unilateral CI.
The two subjects with modest outcomes had long deprivation (1 pre-lingual and the other deafness onset < 6 yrs). They found no correlation between results and interval duration between the two interventions and age of deafness onset.
Schleich et al. Verbal perception in noisy environment.
Adults: sequential bilateral CI. 18/21 pts managed to perform the tests. There were statistically significant benefits obtained from the use of bilateral CI when hearing in noisy environment. They benefit both from head shadow effect, and binaural sommation (statistically significant).
Minor benefit by squelch effect. Data on squelch effect are attributed to limited number of pts.
Laszig et al. the studies compared the results of patients who received the two Cis by simultaneous intervention, with respect to those who received a sequential procedure. no statistically significant correlations between benefits deriving from bilateral Ci and delay between the two interventions, in patients who received the two implants by sequential procedure, are reported in a study by nopp et al. 18 . An investigation by Wackym et al. 22 described the subjective benefits from the use of bilateral vs monolateral Ci, as reported in the aPhaB questionnaire. in summary, from the selected studies, bilateral Ci with respect to unilateral Ci offers advantages in hearing in noise (+++),sound localization (+++) and during hearing in a silent environment (++). however, high interindividual variability is reported in terms of benefits deriving from the second implant. Concerning simultaneous bilateral vs. sequential Ci, no comparisons are reported between simultaneous vs. sequential bilateral post-Ci outcomes.
Benefit derived from a monolateral CI procedure in adult patients with pre-lingual deafness a total of 3 studies were selected on the issue "Benefits derived from monolateral Ci procedure in adult patients with pre-lingual deafness" (Table iii) . Some publications on this subject were excluded as they present case studies that were not homogeneous, especially with regards to the rehabilitation method. Furthermore, some of the articles included adult patients with pre-lingual deafness, post-verbal adults or children. Additionally, these articles were excluded from the review as prelingual adult patients present particular features and problems.
All the selected studies [27] [28] [29] reported that there were benefits from the cochlear implant procedure. Two studies 27 28 recorded post-cochlear implant benefits in perceptive abilities, in both closed and open sets. The study by Klop et al. 28 also documented an improvement in the quality of life after Ci, while the study by Chee et al. 29 showed subjective benefits following Ci, in the majority of patients evaluated, as a result of improvements in communicative abilities, awareness of the surrounding environment and increased independence. interindividual variability was present in the various studies, as is noted in the publication by Klop et al. 28 . in summary, the selected studies document the benefits deriving from the Ci procedure in terms of improvement of perceptive abilities (identification in closed set and recognition in open set). moreover, the studies report an improvement in the quality of life after Ci as well as subjectively perceived benefits. however, the outcomes of these works present high interindividual variability and the study sample is limited.
Discussion and conclusions
The purpose of this report was to assess the clinical effectiveness of cochlear implants for adult patients. The members of the Wg, after examining the existing national and international literature and main international guidelines, considered as universally accepted the usefulness/ effectiveness of unilateral cochlear implantation in severely-profoundly deaf adults. moreover, according to the only two systematic reviews on Ci 3 4 , there is consistent evidence that cochlear implantation is a safe, reliable and effective strategy for adults with severe to profound sensorineural deafness. As a consequence, the members of the Wg focused their attention on clinical effectiveness of Ci procedure, with particular regard to the most controversial issues for which international consensus is still lacking. With regard to hearing threshold levels, the available international guidelines indicate different levels of hearing over which Ci is indicated. Some guidelines refer to the PTa (pure tone audiometry between 0.5-1-2 khz), while others refer to the mean threshold between 2 and 4 khz (uK) 30 . Among the available international guidelines, the Food and drug Administration (FdA) indicates that Ci is indicated in adult patients with a PTa > 70 dB, while Belgian guidelines indicate the limit of a PTa > 85 dB associated with a auditory brainstem responses (aBr) threshold ≥ 90 dB hl 30 . The British Cochlear implant Group (BCiG) considers Ci appropriate for adult patients with thresholds between 2 and 4 khz > 90 dB. italian guidelines allow Ci in adult patients with a PTa > 75 dB 1 . Concerning hearing aid training and rehabilitative results with traditional hearing aids before implantation, the indications differ among the different national and international guidelines; italian and British guidelines (BCiG), for example, consider Ci appropriate in cases with an open set speech recognition score < 50%, the FdA in cases with an open set speech recognition score < 60% and Belgian guidelines in cases with an open set speech recognition score < 30% 30 . The Wg of the present project considered the Ci procedure appropriate for adult patients with bilateral severe to profound hearing loss (mean threshold between 0.5-1-2 khz > 75 dB hl), with an open-set speech recognition score ≤ 50% in the best aided condition without lip reading. in selected cases, Ci is indicated if the open-set speech recognition score is ≤ 50% in the best aided condition without lip reading with background noise (signal to noise ratio Snr + 10). Ci is allowed in selected cases with better residual hearing at low and middle frequencies and hearing threshold between 2 and 4 khz ≥ 90 dB, with an open-set speech recognition score ≤ 50% in the best aided condition without lip reading. Another topic analyzed in the current review is CI in adults with advanced age. none of the published sys- tematic reviews have evaluated this issue. generally an upper limit of age, over which Ci is contraindicated, is not reported by the national and international guidelines on Ci procedures. The Wg of the present project drew the following conclusion: CI in the elderly is admitted, without any upper limit of age. general health problems and life expectancy should be taken into account, and the indications for Ci should be considered on a caseby-case basis.
With regard to bilateral CI in adult patients, niCe guidance 4 does not consider bilateral Ci as a cost-effective procedure in adult patients. niCe guidance does not consider cost-effective a bilateral procedure even in cases of adults with post-meningitic deafness, as the probability of cochlear ossification occurring in adults with severe to profound deafness combined with failure of the unilateral implant and an inability to re-implant the first ear was considered likely to be very small. niCe guidance 4 allows simultaneous bilateral Ci in deaf-blind adult patients or in adult patients with additional disabilities; a sequential procedure is not admitted except for deaf-blind adult patients or adults with additional disabilities who previously received a unilateral Ci. on the other hand, Bond et al. 3 report that the evidence for clinical effectiveness of bilateral implantation suggests that there is additional gain from having two devices as these may enable people to hold conversations in social situations by being able to filter out voices from background noise and tell the direction that sounds are coming from. The Wg of the present project stated that bilateral Ci in adult patients is indicated in the following conditions:
• patients with deafness and initial bilateral cochlear ossification (ex post-meningitic); • deaf-blind patients or patients with multiple disabilities (that increase reliance on auditory stimuli as a primary sensory mechanism for spatial awareness); • unsatisfactory results with unilateral Ci if better results are achievable with a contralateral Ci; • patients with Ci failure if reimplantation in the same ear is contraindicated. Both simultaneous and sequential procedures are admitted, although the simultaneous procedure is recommended. in the case of sequential bilateral implantation, a short interval between surgeries is recommended. The last topic analysed in the present review is CI in adults with pre-lingual deafness; this was not specifically assessed by either of the two existing systematic reviews on Ci. The Wg of the present project stated that the indications for Ci in adults with pre-lingual deafness and prognostic factors should be analyzed on a case-by-case basis. Factors to be taken into account are mainly progression of deafness, use of hearing aids and rehabilitation (and in particular the methodology of rehabilitation), results with hearing aids, patient motivations and psychological aspects.
